Fecal and urinary progestin analyses have shown that giraffes express a short reproductive cycle, averaging 15 days, compared with other large ruminants. However, actual ovarian events have not been correlated with the hormonal pattern. In this study, mature cycling female Rothschild giraffes (Giraffa camelopardalis rothschildi) were repeatedly examined by transrectal ultrasonography to correlate ovarian function with changes in fecal progestin (fP4 [n c ¼ 6]) and estradiol (fE2 [n c ¼ 6]) and serum progestin (n c ¼ 2) as measured by enzyme immunoassay. Five females became pregnant and were monitored during early gestation. In this study, we discovered that hormone values for fP4 in cycling giraffes do not correlate with the classic profile of follicular development, ovulation, and luteogenesis. The corpus luteum (CL) and the next dominant follicle were forming simultaneously. A mean 6 SD peak in fE2 of 254.92 6 194.76 ng/g and subsequent ovulation occurred as early as 1 day after the fall in fP4. In pregnant giraffes, the CL reached a diameter significantly larger (mean 6 SD, 41.02 6 2.70 mm; P ¼ 0.0126) than that during the cycle (33.48 6 2.80 mm), while follicular activity and fluctuating fE2 were still present. With this research, we demonstrated that the progesterone profile typically used to characterize the ovarian cycle does not correlate with luteal development in the ovaries of this species. Furthermore, we conclude that the giraffe could have evolved a short reproductive cycle because of the almost parallel order of ovarian events.
INTRODUCTION
The giraffe is considered a low-risk species according to the International Union for Conservation of Nature and Natural Resources 2009 Red List of Threatened Species (http:// www.iucnredlist.org), with an estimated wild population of 100 000 animals [1] . Classified now as one species (Giraffa camelopardalis) and further divided into nine subspecies [2, 3] , results of more recent genetic studies [4, 5] suggest that there may be at least six different species of giraffes. Accordingly, the Rothschild or Baringo giraffe (G. camelopardalis rothschildi) would be one of the more threatened subspecies, with less than a few hundred animals surviving in the wild [6] .
Although commonly housed in zoos and reproducing well in most facilities [7] [8] [9] , little is known about the ovarian function in this species. Giraffes are considered nonseasonal breeders [10, 11] , with a short cycle of approximately 15 days [12] and a comparatively long gestation of 448-457 days [13, 14] . In zoos, reproductive events in this species were successfully characterized by fecal [14] [15] [16] [17] and urinary [12] progestin (P4) and/or estrogen measurements.
According to the classic endocrine concept, consecutive reproductive cycles are distinguishable by changes in P4 levels, with a luteal phase of high P4 concentrations and an interluteal phase characterized by baseline P4 values [12, [14] [15] [16] 18] . A mean 6 SD luteal phase of 5.9 6 2.4 days and an interluteal phase of 8.8 6 2.3 days were found in giraffes [18] . In the same study, it was noted that breeding occurred shortly after P4 reached baseline concentrations (e.g., at the start of the follicular phase rather than at the end of the follicular phase), although no explanation was provided. Similarly, other researchers observed estrogen peaks and male interest 1-2 days after pregnanes reached nadir levels [15] . Again, correlation with ovarian activity was not noted. Knowledge regarding the reproductive anatomy and ovarian functional structures in giraffes is derived mostly from postmortem findings [19] [20] [21] . By training giraffes to enter a restrainer and to accept rectal manipulation, the present study visualized the genital tract and ovarian events in situ by regular ultrasonography, as has been previously reported [22] .
With regard to the somewhat shorter estrous cycle compared with that of other large exotic ruminants having similar weight (e.g., buffalo [ [23] [24] [25] ), a contracted pattern of functional structure development (e.g., a more rapid turnover of follicles and corpus luteum [CL]) was expected in giraffes. Precise characterization of the different phases of the estrous cycle over time in animals is considered the cornerstone of comparative mammalian reproductive physiology. Therefore, the objectives of this study were to describe the physiological development and regression of ovarian structures and to measure fecal (and serum) steroid hormones during the reproductive cycle and early pregnancy. These results will help ensure enhanced understanding of giraffe reproduction and will provide a starting point for improved breeding management decisions and assisted reproduction in this species.
MATERIALS AND METHODS

Study Site and Animals
Six female Rothschild giraffes housed at the African Lion Safari (Cambridge, ON, Canada) were ultrasonographically and endocrinologically monitored over a period of 3 yr. The African Lion Safari is a registered research facility under the Animals for Research Act of the Ontario Ministry of Agriculture, Food and Rural Affairs. Animals were handled in accord with the Canadian Council on Animal Care guidelines for the care and use of experimental animals.
All giraffes were aged between 4 and 12 yr. At the start of the study, females were either reproductively mature nulliparous or parous. However, the reproductive status of five giraffes changed over time from cycling to pregnant. All giraffes were group housed with other subadults and a breeding male. During the summer (May through October), they had access to a large drivethrough exhibit. During the night and in the winter, all giraffes were kept inside. During the course of the study, three females delivered healthy male calves, and one female delivered a healthy female calf.
Ultrasonography
All females were trained to stand quietly within a customized restraining device as part of their morning routine before going outside. Transrectal ultrasonographic visualization of the ovaries and measurements of functional structures were performed one to six times weekly in all giraffes using a portable B-mode ultrasonography device (SonoSite Vet 180plus; SonoSite Inc., Bothell, WA) equipped with a linear transducer . A total of 276 ultrasonographic examinations were evaluated, including sequential data for one to three complete cycles per female (ultrasonography was performed every other day and every day around ovulation), as well as numerous single examinations (one to three times per week). Fecal P4 (fP4) profiles for exact correlation with ultrasonographic data were available for the entire examination period. In the pregnant giraffes, ultrasonography was performed one to two times per week until 13 wk into gestation. All procedures, restrainer, and equipment were described previously in detail [22] .
Fecal Sample Collection and Processing
Fecal samples were collected from the rectum on a daily basis from all female giraffes when they were in the chute. The samples were placed in plastic bags labeled with the date and animal's name and were stored at À208C until analysis. The following fecal extraction protocol, simplified from previously published methods [26] , was used: 0.5 g of feces was placed into disposable 16 3 100-mm culture tubes (Fisher Scientific, Pittsburgh, PA), and 5 ml of 80% MeOH was added to extract the steroid metabolites. The vials were capped and vortexed for 1 min and then left overnight (12-14 h). Samples were then revortexed before centrifugation for 10 min. The supernatant containing steroid metabolites was pipetted off and diluted in assay buffer before analysis.
Blood Sample Collection and Processing
To detect a possible delay between fecal and serum hormone levels, matching blood and fecal samples were collected from two female giraffes over a period of 2 and 3 wk, respectively. Samples were collected four times a week from the jugular vein into serum separator tubes (Corvac TM; Tyco Healthcare Group, Mansfield, MA) while the giraffe was in the chute. Blood was centrifuged for 30 min, after which 2 ml of serum was pipetted into 5-ml labeled plastic tubes. The serum was frozen at À208C until analysis.
Enzyme Immunoassay
Hormone assays were validated using serial two-fold dilutions of a sample pool. The pool was tested for parallel displacement curves on estradiol (E2) and progesterone enzyme immunoassays.
All of the hormones and conjugates were prepared and supplied by Coralie Munro (University of California-Davis, Davis, CA). Flat-bottom 96-well Easy Wash microtiter plates (Costar; Corning Incorporated, Corning, NY) were coated with 50 ll of antibody coating buffer (50 mM sodium bicarbonate [pH 9.6]), sealed with an acetate plate sealer, and left overnight in a sealed plastic container at 48C.
The plates were then washed four times with wash solution (0.15 M NaCl containing 0.05% Tween 20) . Standards, samples, and controls diluted in assay buffer (0.1 M PBS containing 1.0 g of bovine serum albumin [pH 7.0]) were added to wells according to the plate setup, followed immediately by the addition of 50 ll/well of diluted horseradish peroxidase (HRP). The plates were covered and incubated at room temperature for 2 h while gently rotated (Easyshaker; Cyber Fluor Inc., Toronto, Canada), washed five times to remove unbound antigen, and blotted dry. Then, 100 ll of substrate solution (1.6 mM hydrogen peroxide and 0.4 mM azino-bis [3-ethylbenzthiazoline-6-sulfonic acid] in 0.05 M citrate buffer [pH 4.0]) was added to each well. The plates were again covered and incubated at room temperature for 2 h until maximum binding of approximately 1.0 optical density was reached. Results were generated on a Finstrument Microplate Reader (MTX Lab Systems, Inc., Vienna, VA) set at wavelength of 405 nm.
The progesterone antibody (CL425) was diluted 1:6000. The working HRP dilution was 1:10 000, standard range was 0.78-200 pg/well, sample volume was 50 ll/well, and sample dilution was 1:100 for pregnant animals and 1:50 for nonpregnant animals. The assay sensitivity was 3.125 pg/50 ll at 90% binding. The mean 6 SD recovery of exogenous P4 was 78.12% 6 50.00% (y ¼ 1.499x À 13.36, r 2 ¼ 0.92). The cross-reactivities for the CL425 clone as determined by Graham et al. [27] were as follows: 100% or greater for 4-pregnen-3-20-dione, 4-pregnen3b-ol-20-one, 4-pregnen-3a-ol-3,20-one, and 4 pregnen-11a-ol-3,20-dione; 94% for 5a-pregnan 3b-ol-20-one; 64% for 5a-pregnan-3a-ol-20-one; and 55% for 5a-pregnan-3,20-dione. All other crossreactivities were under 13%.
For E2, the working antibody (R4972) was diluted 1:10 000. The working HRP dilution was 1:25 000, standard range was 0.78-200 pg/50 ll, sample volume was 50 ll/well, and sample dilution was 1:100 for pregnant animals and 1:50 for nonpregnant animals. The assay sensitivity was 1.56 pg/50 ll at 90% binding. For both assays, the intraassay and interassay coefficients of variation were less than 15% and 10%, respectively. The cross-reactivities for the E2 antibody R9472 were 100% for estradiol 17b, 3% for estrone, and 1% or less for other steroids as determined by Coralie Munro (University of California-Davis).
Data Analysis
The giraffes were divided into two reproductive stages. Cycling (n c ¼ 6) and pregnant (n p ¼ 5) were analyzed.
The stages of the estrous cycle and its component phases were determined via fP4 concentration from daily fecal samples using a similar criterion previously published for giraffes [15] . Accordingly, a defined rise in P4 concentration on two consecutive days above a given threshold value of 66.62 ng/g, calculated from the mean of the three lowest values between fP4 surges for each giraffe (45.34 ng/g) plus 2 SDs (SD, 10.64 ng/g), was considered indicative of the luteal phase. An estrous cycle was defined as the interval from the first day at which fP4 concentrations were below the criterion on two consecutive days until the first day after the fP4 elevation at which values fell again below this criterion. The day of ovulation was determined by ultrasonography and was set as Day 1 of the cycle. The fP4 concentration enabled cycle stage classification into luteal and interluteal phases (terms always used hereafter in this regard), and ultrasonographic data on follicle and CL growth were related to this division. Pregnancy was determined by fP4 concentrations that were elevated for more than 14 consecutive days and was confirmed by ultrasonography on Days 15-17 (no dominant follicle rupture and no signs of CL regression) and on Day 30 after mating (embryonic fluids and membranes in the uterus).
Fecal P4 and serum P4 (sP4) concentrations during the cycles of two female giraffes were correlated using Spearman rank correlation for nonlinear parameters. Paired t-test was used to compare the means of different reproductive variables (CL size and number, size of subordinate follicles, and hormone concentration) for the individuals during the cycles vs. pregnancy. SPSS version 15.0 (SPSS Inc., Chicago, IL) was used to perform statistical calculations. The significance level was set at P , 0.05.
To avoid a possible influence of the variable number of cycles per female and investigations per pregnancy (''pooling effect'' [28] ), the mean values were first calculated for all females separately, and then these values were combined to produce an overall mean. Results from replicated measurements are presented as the mean 6 SD in the text and as the mean 6 SEM in the figures.
RESULTS
Correlation of Serum and Fecal Progestagens
The relationship of fecal and serum samples is shown in Figure 1 . Pairing of fecal and serum samples resulted in a significant correlation (Spearman rank correlation r ¼ 0.8214, P ¼ 0.0341 for female 1; and r ¼ 0.8303, P ¼ 0.0047 for female 2). It showed that there was no significant delay in P4 fluctuation between fecal and serum samples in the two studied females. Therefore, we assume that relative changes in fP4 concentration accurately mirror circulating sex steroid concentrations.
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Relationship Between Ultrasonographic Findings and Fecal E2 and P4 in the Estrous Cycle
Based on fP4 concentrations, the average cycle in the giraffes was 14.72 6 1.23 days (n c ¼ 6), with an interluteal phase of 6.37 6 0.90 days and a luteal phase of 8.11 6 0.64 days. The mean luteal phase fP4 concentration was 910.51 6 269.31 ng/g, while the interluteal level was 48.35 6 7.90 ng/g. However, fP4 data generated from consecutive reproductive cycles did not correlate with ovarian activity as observed by ultrasonography. Figure 2 shows the relationship between fecal hormone changes (panel A) and dominant follicle and CL formation (panel B). Figure 3 shows in a simplified manner our understanding of ovarian dynamics and simultaneous fP4 and fecal E2 (fE2) concentration changes as observed in this study.
One day before ovulation, the Graafian follicle measured 17.0-19.0 mm in diameter (Fig. 2B) . The CL from the previous cycle was still present, with an average diameter of 30.2 mm. The demarcation line of the old CL was faint owing to the slight difference in echogenicity. Progestin production was at nadir levels, while fE2 concentrations had reached their peak ( Fig. 2A) .
On the day of ovulation, the Graafian follicle was on average 18.85 6 0.73 mm in diameter (Fig. 2B, Day 1) . The appearance of the follicle changed from very round to a more oval-shaped structure. Behavioral estrus was confirmed with strong male interest or mating observations on the afternoon before and the day of observed ovulation.
Ultrasonography demonstrated that ovulation occurred 1-2 days (mean, 1.90 6 0.37 days [range, 1-4 days) after fP4 reached baseline. Besides the dominant follicle, there remained only one or two small subordinate follicles, which regressed immediately after ovulation.
In the ultrasonographic images, a fresh developing CL was visible 1 day after ovulation. It presented as a light-grayish irregular structure with an anechogenic center, slightly smaller than the previous follicle. Fecal P4 remained low on average until Day 5.42 6 0.51 after ovulation. Fecal E2 activity was also lower during this interluteal period ( Fig. 2A, Days 1-6 ).
Two days after ovulation, up to nine new follicles 1.0-3.3 mm in diameter began forming. The ongoing postovulatory interval, based on low fP4 in the interluteal phase, was characterized by rapid growth of the newly formed CL, while the old CL disappeared 4-5 days following ovulation. Despite the presence of a well-developed fresh CL, fP4 only began to increase once the new CL attained a diameter of at least 25.0 mm. The oval-shaped, smoothly outlined CL reached its mean maximum diameter of 33.48 6 2.80 mm approximately 11 days after ovulation. It was a well-defined, grayish, echogenic structure, with a demarcation line visible between it and the remaining ovarian stroma. Fecal P4 reached a mean peak value of 2101.94 6 738.14 ng/g by Days 11-12 of the cycle (Fig.  2A) . In a nonconceptive cycle, the fP4 concentration began declining right after peak levels were reached, although structurally the CL stayed the same for approximately 2-3 more days before regressing (Fig. 2B, Days 12-13) . Simultaneously, the new follicular cohort yielded the next dominant follicle. Four days before ovulation, the dominant follicle measured up to 15.0 mm and was clearly distinguishable from subordinate follicles on the ovary. At that time, up to 11 (mean, OVARIAN ACTIVITY IN CYCLING AND PREGNANT GIRAFFES 3.5 6 1.0) smaller subordinate follicles ranging from 1.5 to 14.1 mm (mean, 7.40 6 2.07 mm) were counted on both ovaries.
Fecal E2 concentration, averaging 111.15 6 76.97 ng/g throughout the cycle, increased coincidental to follicular development and dominant follicle selection. This occurred in parallel with CL growth from the last cycle and with luteal phase fP4 concentration (Figs. 2 and 3 ). When fP4 hit baseline, the next Graafian follicle was about to ovulate, thereby starting the next cycle. Fecal E2 peaked on average at 254.92 6 194.76 ng/g shortly before or after fP4 reached nadir concentrations, which was usually 1 day before ovulation. In all giraffes, cycles were observed in which E2 peaked earlier, together with fP4.
Nevertheless, ovulation always occurred after fP4 reached nadir levels.
Relationship Between Ultrasonographic Findings and Fecal E2 and P4 During Early Pregnancy
The average gestational length in the five pregnancies was 471 6 4 days (n p ¼ 5). The pregnancies were monitored over the first 3 mo of gestation (Fig. 4, A and B) , after which time the gonads became out of reach because of the growing fetus.
After successful mating and ovulation, a new set of follicles could be observed developing, similar to a regular cycle. However, the largest follicle eventually began to regress over time rather than ovulate. Throughout the observed pregnancies, subsequent crops of follicles continued to develop slowly on both ovaries but always regressed. These waves occurred in a similar time span as the regular cycles of 14-15 days. A follicle diameter of more than 16.4 mm was never found. The mean number of follicles was 3.60 6 2.35, with an average size of 8.23 6 4.24 mm (n p ¼ 4). There was no significant difference in number and size compared with subordinate follicles during the cycle (t 4 ¼ 0.9392, P ¼ 0.4008 for follicle number; and t 4 ¼ 0.6381, P ¼ 0.5581 for follicle size [n p ¼ 5]). Fecal E2 concentrations, measured from four females for the first 4 wk of gestation, reflected the ongoing follicular activity, although the average value of 55.64 6 11.22 ng/g was lower than that measured during a nonconceptive cycle, and no surges were observed. However, fE2 was measured in only four pregnant giraffes, and the fE2 concentration difference between cycling and pregnancy status was not significant (t 3 
The CL of pregnancy showed a difference in size compared with the CL of a nonconceptive cycle (Fig. 4B) . The average pregnancy CL diameter of 41.02 6 2.70 mm was significantly larger than the CL during the cycle (t 4 ¼ 4.309, P ¼ 0.0126 [n p ¼ 5] ). This was significant by Week 3 after mating (mean CL diameter, 39.48 6 2.10 mm; t 2 ¼ 4.479, P ¼ 0.0464 [n p ¼ 5]). Fecal P4 became elevated, rising three times as high on average during pregnancy (mean, 3034.44 6 1369.80 ng/g) compared with the overall luteal phase fP4 concentration, despite individual fluctuation (Fig. 4A) . However, the mean peak luteal phase value (2101.94 6 738.14 ng/g [n c ¼ 6]) was not significantly different from the pregnancy fP4 concen+-tration (t 4 
Around Week 10 of gestation, the CL diameter decreased slightly (Fig. 4B) . In one giraffe, a single CL measurement was obtained after 35 wk of gestation. The diameter had declined from 46.0 mm in early pregnancy to 22.0 mm. Fecal P4 concentrations did not reflect this regression. Progestin concentrations either stayed the same or increased. At the end of gestation, fP4 levels declined and then rapidly dropped to baseline on the day after parturition.
DISCUSSION
Historically, the giraffe is considered a polyestrous nonseasonal breeder, with a classic biphasic cycle composed of an interluteal phase (''basal progesterone'' main follicular development) and a luteal phase (''plateau progesterone'' CL growth) [12, 14, 15, 18] , as generally described for domestic ruminants [29] . We found that the giraffe shows certain similarities compared with better-studied domestic ruminants (e.g., ongoing follicular development during the luteal phase and pregnancy) but also some notable adaptations. The duration of luteal and interluteal phases as determined by fP4 analysis during this study is consistent with previous findings [12, 18] . However, we found that observed male interest and/or mating correlated with ultrasonographic measurements of the dominant follicle but did not correlate with corresponding progesterone secretions as expected in a ruminant. Sexual activity and ovulation were typically observed at the start of the interluteal phase rather than in the middle or at the end of this interval (Figs. 2 and 3 ). This timing between fP4 and mating behavior has been noted previously in the giraffe [18, 30] and the related okapi (Okapia johnstoni) [31] but was not investigated further. A significant shift of the fP4 pattern due to intestinal passage time was excluded by taking serum samples from two females, thereby confirming that fP4 levels accurately reflect sP4 levels.
In domestic [32] [33] [34] and wild ruminant species such as red deer (Cervus elaphus) [35] , development of follicles occurs in 2-3 follicular waves. Larger follicles even develop alongside an active CL [29, [32] [33] [34] [35] . However, because of the progesterone secretion during the luteal phase, follicle growth does not continue, and subordinate follicles regress [32] [33] [34] [35] . During the follicular phase, a dominant follicle clearly deviates from the final follicular wave [32] [33] [34] [35] . In the giraffes in our study, only a single follicular wave occurred, from which the dominant follicle was derived. The development of a new dominant follicle occurred at the same time as the growth of the CL from the previous cycle (Figs. 2 and 3) . Therefore, the main follicular growth and dominant follicle deviation occurred during the luteal phase (high fP4 concentrations), whereas the CL increased its size during the phase of baseline fP4 concentrations (interluteal or follicular phase). However, the dominant follicle reached ovulatory diameter and ruptured only at the beginning of the interluteal phase (usually within 1-2 days of baseline fP4), presumably because of the removal of progesterone inhibition. In giraffes, estrus takes place right after termination of the luteal phase rather than toward the middle or end of the interluteal phase as it occurs in cattle [29, 33, 34] . For this reason, the postovulatory phase is equivalent to the interluteal phase based on fP4 levels in giraffes (compare Fig. 3 ). The pattern of fP4 appears slightly out of alignment in relation to functional structures within the short cycle of giraffes. Thus, the term interluteal phase seems indeed more appropriate than follicular phase to characterize the baseline fP4 period.
Fecal E2 increased in parallel with follicle enlargement and dominant follicle deviation, which is typical for other monovular species [32] [33] [34] . Among the giraffes in our study, the fE2 rise (and sometimes even the peak) took place during the luteal phase. In most cases, however, the fE2 peak occurred as soon as fP4 reached nadir values, a day before ultrasonography-observed ovulation. A similar pattern has been described in the okapi, in which urinary estrogens also appear to rise sharply following the first day of P4 baseline values and peak by Day 2 [36] . However, the fE2 peak should not be regarded independent of fP4 as being reliable for the prediction of estrus in giraffes, as ovulation was never observed before progesterone reached nadir concentrations.
As monovulatory animals, the giraffes in this study formed a single large CL in each cycle. From ovulation onward, it took up to 5 days (approximately two thirds of the follicular phase) until the fresh CL produced measurable amounts of P4. Scaled to the short cycle of the giraffe and the fast CL growth, this period seems surprisingly long. Similarly, Loskutoff et al. [36] noted a period of 6 days after the estrogen surge until urinary P4 increased in the okapi, suggesting potential transferability of ultrasonographic results from giraffes to this species. In other ungulates with longer interluteal phases, the period from ovulation until a rise in progesterone is usually shorter (3-4 days in cow, 2 days in gilt, and 3 days in ewe [34, 37, 38] . Detectable fP4 concentrations in the giraffe did not occur before the CL had reached a diameter of about 25.0 mm. Upon reaching maximum fP4 values, the giraffe does not sustain a plateau phase of elevated fP4 as seen in other ungulates such as domestic species [29] or wild ungulates such as scimitarhorned oryx (Oryx dammah) and Indian rhinoceros (Rhinoceros unicornis) [36] . Termination of P4 production occurs before the CL has started regressing. Because of the strongly compressed reproductive events with simultaneous growth of CL and a new dominant follicle, the giraffe expresses a cycle of 14-15 days. For noncaptive animals, frequent estrus optimizes the chance to be mated by the solitary roaming males [18] . In captivity, giraffes are known to express multiple nonconceptive cycles before becoming pregnant [14, 18 , and the present study]. It is unclear whether this is the case for free-roaming females, but similar interbirth intervals suggest comparable mechanisms. The documented interbirth interval in captive herds was 19-20 mo [39] . This is not different from that of wild giraffes [40] .
The average gestational period of about 470 days reported in this study was slightly longer than the average reported elsewhere but was within the range of previous publications [15, 16] . In earlier data, the day of a rise in P4 was assigned as the first day of pregnancy [15] . With regard to the finding already explained that ovulation occurs about 5 days before a rise in fP4, this time span has to be added now when describing the gestational period.
The finding of generally lower fE2 concentrations in four pregnant animals is consistent with the observation that follicles never reached ovulatory diameter, thus secreting less E2 than during the cycle. The emergence of regular follicular waves on the ovaries during pregnancy is also described for cattle and sheep [32, 33] . A reduction in follicle size, which occurs in sheep [33] during later pregnancy, can only be speculated for giraffes, but decreased estrone concentrations as described previously between Days 120 and 330 of gestation suggest this [17] .
The average pregnancy fP4 concentrations were found to be higher than fP4 concentrations during the cycle. Because single values during pregnancy are comparable with peak luteal phase fP4 values, pregnancy cannot be determined by single fP4 measurements [14] . Ultrasonography can provide a first hint by Day 17 after mating that an animal is pregnant by visualization of whether the CL regressed or was now larger than the normal nonconceptive CL [22] . This phenomenon, together with the OVARIAN ACTIVITY IN CYCLING AND PREGNANT GIRAFFES short functional life span of the CL during the cycle, indicates that the blastocyst signals its existence rapidly to induce maternal recognition and thus luteal rescue (Fig. 4) . Nevertheless, first signs of embryonic fluids were not seen earlier than Days 27-30.
The bigger size of the CL of conception could partially account for the phenomenon that pregnancy fP4 values exceed average cyclic levels up to three-fold from Day 10 of pregnancy as seen in our study and described elsewhere [11, 15, 16] . Other investigators believe that P4 is supported by accessory CLs that develop from nonovulated luteinized follicles later in pregnancy [11] . In the present study, the ovaries of pregnant and cycling females always contained only a single large CL. Multiple CLs, as described by Hall-Martin and Rowlands [21] , were not seen. This might be because they described a different subspecies, namely, the southern giraffe (G. camelopardalis giraffa). For example, they found 24 accessory CLs in a 13-yr-old Southern giraffe at the end of gestation but did not observe additional luteal tissue in an Angola giraffe (G. camelopardalis angolensis) of the same age [21] . Similar to our observations, Kayanja and Blankenship [20] did not find any accessory CLs during their examination of 27 specimens of pregnant Massai giraffes (G. camelopardalis tippelskirchi).
In the pregnancies monitored during this study, ovaries were accessible until about Day 90 of gestation. Nonetheless, it was possible to document the decline in CL size after 10 wk of gestation. Based on postmortem findings, Kayanja and Blankenship [20] also observed that the conceptive CL was largest during the first third of pregnancy but then gradually declined toward the end of pregnancy. Despite this regression, we found that fP4 levels were maintained or even rose until late pregnancy. These findings are in agreement with observations by earlier researchers [15, 16, 41] . Therefore, an extraovarian P4 origin (probably the placenta), similar to that found in the cow, ewe, and mare [15, 42] , is likely.
This study documents the precise time of ovulation, a prerequisite step toward better timing of natural mating and, most important, the application of assisted reproductive techniques. Although more research in different giraffe subspecies is needed, significant conclusions can be drawn from this study, as the ultrasonographic and fecal hormone evaluations encompassed 3 yr and a number of duplicated reproductive events. Results show that sole progesterone measurements do not adversely reflect ovarian events and are of general significance for comparative studies in other mammals, similar to the broad use of noninvasive hormone analysis in exotic species [43] .
